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PHYSICS.—The axial chromatic aberration of the human eye. 
P. G. Nurrine, Eastman Research Laboratory, Rochester, 
N. Y. 


A bright object viewed directly by a normal human eye shows 
no perceptible colored fringes. From this it has been assumed by 
some that the eye is fairly well corrected chromatically—at least 
for the most luminous constituents of white light. On the other 
hand, if the same object be viewed through a filter transmitting 
only the extreme red and blue, it will appear with either a red or 
blue fringe, showing that for these extreme rays the eye is not 
corrected. 

Helmholtz! passed monochromatic light through a small hole 
and found that when red light was used the hole appeared in best 
focus when viewed from a distance of about 8 feet. With blue 
illumination it appeared brightest at about 1} feet, and with 
extreme violet but a few inches (nur einige Zolle). With these 
rough determinations of Helmholtz the question appears to have 
rested. 

With the aid of very simple apparatus it was found possible to 
obtain rather precise determinations of axial focal length. The 
test object used was the image of the slit of a monochromatic 
illuminator (S, fig. 1) formed by a movable lens L of about 20 
em. focal length. At a fixed distance (about 20 cm.) back of this 
was. the observer’s eye, H. In order to fix the accommodation 


1 Physiolog. Optik, 3rd edition, 1: 147. 1909. 
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there was placed immediately in front of the eye a plate of optical 
glass, P, reflecting the image of a suitable object at the desired 
distance. 

Three eyes were tested at accommodations of 25 cm., 100 cm., 
and ~; the remainder at ~ only. The object serving to fix the 
accommodation was so chosen that the slit image appeared against 
a dark background, such as a distant tree trunk or a black printed 
letter, so that a barely perceptible amount of white light was 
mixed with that of the colored slit image. In making determi- 
nations at wave lengths 406 and 436 a mercury arc was used as 
source, at other wave lengths a Nernst lamp. A shift of the lens 
1 cm. corresponded to 0.01 mm. shift in focal point at the retina, 
the relation between the two being roughly linear. The uncer- 


tainty on a group of five settings was not over 2 mm.; results 
could be reproduced at different times to about 5 mm. on the 
scale. 

All the subjects chosen had good normal vision. Two, C. H. B. 
and C. E. 8., were women. Four, L. A. J., P.G. N., C. E. S., 
and M. B. H., were experienced in photometric observations; the 
others, practically without experience in such work. L. E. J. 
has marked natural ability and has had long experience in color 
work. 

The results obtained are given in the following table and in 
figure 2. Data are given as relative focal differences, 5v/v. 
From these, approximate distances in millimeters of focal points 
from the retina may be obtained by multiplying by 15. 

All the eyes tested show more or less correction. For compari- 
son, the axial error of an eye of pure water is given at the top of the 
figure. In the most luminous part of the spectrum, from 520 to 
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660, all eyes show less variation in focal length than an equivalent 
eye of pure water would have. In some eyes the correction in the 
central region would compare favorably with that of a good photo- 
graphic or telescopic objective. 


TABLE 1 
ACCOMMODATION © 


SUBJECTS 
WAVE LENGTH . —_ - =a eer 
L. A. J. P.G.N.| LEB.3. | CE.8. | CBR. B. | M.B. 8. 
0.010 0.013 | 0.004 0.020 0.006 9.016 | 
0.009 0.010 | 0.011 0.017 0.004 0.010 | 
0.002 0.005 | 0.009 0.007 0.003 0.008 | 0.008 
0.000 0.000 0.005 0.003 0.002 0.004 | 
0.000 0.000 0.001 | 0.001 0.000 | 
| —0.005 —0.001 —0.001 —0.004 | 
0.005 0.001 0.001 0.004 | 
0.012 0.005 0.005 0.014 
0.022 0.024 | 0.022 | 
0.033 | 0.031 | 0.031 | 
0.050 0.042 | 0.043 


P. G.N. J.D. H. 


25 em. | 100 | 25cm. 100 | 25em. 


0.010 | 0.014| 0.013| 0.014 | 0.020} 0.012) 0.011; 0.016 
0.009 0.010| 0.010| 0.012 0.016; 0.011} 0.012; 0.018 
0.002 ’ 0.003} 0.005) 0.004 0.009; 0.008; 0.008) 0.011 
0.000 ; 0.001} 0.000) 0.001 0.004}  0.003| 0.005) 0.007 
0.000 .000} 0.000} 0.000} 0.000 0.000; 9.001} 0.001) 0.001 
—0.003| —0. —0.004| 0.000! 0.002 | —0.005} —0.004} —0.005| —0.005 
0.014 011} 0.019} —0.006} 0.005 0.011; 0.011} 0.013 
0.025 ; 0.020| 0.012 0.024; 0.022 
0.036 .038 | 0.039 | 0.032 0.032} 0.033 
0 051 ; 0.064 | 0.054 | 0.052 | 0.054 

















Several types of correction are shown that are new to lens optics. 
The high order central corrections of L. A. J. and P. G. N. are 
accompanied by decreased, violet but normal red correction. 
L. E. J. shows no correction except in the extreme red and violet 
where the correction is normal. M. B. H. is slightly corrected 
except in the extreme regions. C. H. B. is fairly well corrected 
over a wide region from 480 to 780. 
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Tests were made for residual chromatic spherical aberration 
(departure from Gauss condition) by placing half of a half-tone 
screen over the test slit. ‘The writer could detect no residual in his 
own eye in the region from 500 to 650. Beyond 700 in the red 
and beyond 480 in the blue it is noticeable, while at 406 in the 
violet it amounted to fully twenty times the normal diffusion. 
L. A. J. agreed with the writer, but L. E. J. could detect little loss 
of definition at 406. 


+.025 


0 


60 
Fig. 2 


I wish to record my indebtedness to Mr. Eastman and Dr. 
Mees for apparatus and to those of my assistants who served as 
subjects. 





WRIGHT: DETERMINATION OF REFRINGENCE 389 


PHYSICS.—The determination of the relative refringence of mineral 
grains under the petrographic microscope. FRED. EUGENE 
Wriacut, Geophysical Laboratory. 


Two standard methods are in common use by microscopists for 
the determination of the relative refractivity of two adjacent 
mineral grains in the thin section, and also of a single grain and the 
liquid in which it is immersed; the first method is based on the 
phenomena produced by central illumination with a narrow pencil 
of incident rays, while in the second the phenomena obtained by 
oblique illumination are observed. Both methods are convenient 
and entirely satisfactory for ordinary purposes. Their accuracy is 
the same, differences of 0.001 in refractive indices being recogniz- 
able under favorable conditions. But in many instances, espe- 
cially in the measurement of the refractive indices of fine grains 
immersed in refractive liquids, it is extremely difficult to detect 
the faint differences in light intensity which appear at the margins 
of the grains and by means of which the differences in refractivity 
are recognized. Under such conditions the eye of the observer is 
subjected to severe strain and tires quickly. Fortunately, how- 
ever, it is possible, by modifying the conditions of observation 
slightly, to render the phenomena more easily visible and thus to 
relieve the eye strain to a large extent and at the same time to 
increase the accuracy of the determinations. These modifications 
involve both the sources of light and a new method of two-fold 
oblique illumination. They are not difficult to apply and may, 
therefore, be described briefly. 

Sources of light. In place of the sodium flame ordinarily used 
as source of monochromatic light, the following light sources have 
been substituted: Mercury light, helium light, and either a cal- 
cium-flame or a molybdenum- or tin-spark. With this array of 
lights set up side by side on the dark room table, and in conjunc- 
tion with a monochromatic illuminator or a dispersion prism or 
suitable ray filters (Wratten mercury-line filters), the following 
spectral line sources are available: \ = 546.1, 558 to 561 (average 
about 560), 577 and 579, (average 578) and 588uyn. With these 
lights it is not difficult to determine between which two of the 
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four available lines (546, 560, 578, 588u,) the refractive indices of 
mineral and liquid coincide, the liquid having the higher refractive 
index for the shorter wave length, and the mineral the higher index 
for the longer wave length. Now the refractive index of solids 
increases about 0.001 for a decrease in wave length of 10 to 20uu, 
while for liquids the change is approximately twice as great. If, 
therefore, the refractive index of a mineral be accurately measured 
for any wave length between 546 and 588, its index for the wave 
length 589uu (D line) can be estimated with an error not exceed- 
ing +0.001 and a liquid then prepared of exactly this index, where- 
upon the estimated refractive index of the mineral grain can be 
checked by immersion in the new liquid. By use of this arrange- 
ment a considerable amount of time has been saved in the routine 
measurement of the refractive indices of fine crystal grains. 
Occasionally the monochromatic illuminator (Hilger type with 
Nernst light filament and ground glass diffusing screen) has 
been found useful for ascertaining approximately the wave 
length for which the refractive index of the grain coincides with 
that of the enveloping liquid. 

New method involving two-fold oblique illumination. Oblique 
illumination is obtained ordinarily by means of a sliding stop 
below the condenser of the microscope.! This stop is purposely 
not sharply imaged in the object field but appears as a shadow 
with a hazy edge which passes gradually into the brightly illumi- 
nated part of the field. The mineral grains are placed in this 
transition shadow edge between light and dark, and the illumina- 
tion of their edges both in white and in monochromatic light is 
observed. Because of the prismatic refraction of the inclined 
edges of such grains the intensity of illumination of edges adjacent 
to the shadow is different from that of the opposite edges, when 
the refractive index of the grains is different from the refractive 
index of the liquid in which they are immersed. These differences 
become less distinct as the refractive index ofthe liquid ap- 
proaches that of the mineral; and, if the refractive indices differ 


1 The principles of oblique illumination are discussed in detail in Am. J. Sci. 
(4) 35: 63-82. 1913. 
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by only +0.001, the intensity differences in illumination are diffi- 
cult to see, because of the relatively large amount of light in the 
field. To reduce the field illumination, and thus to increase the 
differences in relative intensity of illumination and to render them 
more clearly visible, a double stop device has been found useful. 


This device consists 
essentially of two safe- 
ty razor blades mount- 
ed in a horizontal po- 
sition to a vertical 
connecting bar which 
in turn is attached to 
the side of the stage 
support of the micro- 
scope. These blades 
are so adjusted that as 
the lower blade swings 
into position below the 
condenser, the upper 
blade is brought to rest 
in the conjugate image 
plane above the con- 
denser and between 
_ the objective and slide. 
The upper stop is so 
adjusted that its knife 
edge faces the knife 
edge of the image of 
thelowerblade. Incase 
these two edges just 
meet, the entire field 
of view appears very 


<a 


> LOW POWER OBJECTIVE 


LOWER STOP IMAGE 





UPPER STOP::, 


MINERAL GRAIN 





-~\ 








CONDENSER 


* LOWER STOP 





— \ 


Fig. 1 


weakly illuminated and is almost dark. The path of the rays is in- 
dicated in figure 1. The effect of the refracting mineral grain is to 
disturb the path of the transmitted rays so that instead of focus- 
sing sharply in the image plane they are deflected (as indicated by 
the two rays with arrows in figure 1 and are thus able to enter 
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the low power objective (E. F. 16mm.) and finally to reach the eye 
of the observer. Ifa mineral grain immersed in a liquid of slightly 
different refractive index be examined under these conditions of 
illumination, its edges appear in part brighter, and in part darker 
than the field. The intensity of illumination of the field is so 
weak that the illumination of the edges is clearly marked even for 
differences in refractive index of only +0.001, and the eye suffers 
no appreciable strain in making the observation. If now the 
upper blade be moved away from the edge of the image, a small 
amount of direct light from the condenser enters the field, and the 
phenomena produced by oblique illumination from the lower stop 
are observed under reduced field illumination. As the upper 
blade recedes, the field illumination increases until finally the 
conditions of ordinary oblique illumination are reached. The 
phenomena observed under the first set of conditions are, more- 
over, the reverse of those produced on withdrawing the upper stop; 
the edges which appeared bright in the first case are dark in the 
second, and vice versa. This reversal, caused by the shift of the 
upper stop, is anadditional factor which adds to the sensitiveness 
of the method. The movable upper stop not only increases the 
distinctness of the ordinary phenomena of oblique illumination by 
reducing the field illumination, but it also enables the observer to 
reverse the phenomena and to study the slight differences in 
illumination against a dark field for which the eye is more sensi- 
tive. . 

It is of interest to note that the principle on which the first 
part of the new method is based is that first used by Foucault for 
testing the chromatic and spherical aberrations of a telescope lens. 
The method was later used by Tépler for detecting small differ- 
ences in the refractive index of a medium, especially inhomogeneity 
in optical glass. Tépler’s method is still used for this purpose, and 
for testing the homogeneity of solutions especially with respect 
to concentration currents; it has also been employed by R.W. 
Wood to obtain direct photographs of sound waves. 
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CHEMISTRY.—The determination of carbon in steels and irons 
by direct combustion in oxygen at high temperatures. J. R. 
Carn and H. E. Cieaves, Bureau of Standards. 


In determining carbon in steels by the method of direct com- 
bustion in oxygen it has been the practice at the Bureau of Stand- 
ards to pulverize and reburn the oxides—repeatedly, if necessary. 
Although particles of metal are seldom found in the oxides, addi- 
tional carbon is generally obtained by this method; in some 
samples as much as 0.02 percent. With the idea that such carbon 











Fig.1. Details of Apparatus 


C, and C2, porcelain tubes filled with copper oxide and wound with nichrome 
wire for heating; 7, tower filled with stick KOH; F, gas furnace; A, tube for 
air cooling; M, Meyer bulb; S, soda lime guard tube. 


was probably retained as difficultly oxidizable carbides, it was 
thought that alloy steels contining such metals as chromium, 
titanium, and tungsten, or high percentages of silicon, all capable 
of yielding carbides very resistant to oxidation, would be especially 
subject to this source of error. Additional weight was given to 
this view by results reported from laboratories specializing in the 
analysis of such alloys, and obtained by combustion at tempera- 
tures higher than those usually recommended. 

As combustions are ordinarily effected, the mass of oxides is 
kept fused for only a very short time, if at all, after the metal 
has ceased to burn, inasmuch as the temperature usually main- 
tained in the furnace is 950° to 1100°, whereas the melting points 
of the oxides obtained by us during combustion! were near to 

1 Determinations made at this Bureau indicate that the oxides, when melted in 


oxygen, gradually absorb that gas with rise in melting point. This matter will 
be discussed in the more extended paper to be published by us elsewhere. 
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1450°. It was therefore thought that more accurate results 
might be attained if, after combustion had ceased, the oxides 
were maintained in a state of fusion for some minutes. The 
present work was carried out in order to test these ideas, by burn- 
ing Bureau of Standards analyzed steel and iron samples—par- 
ticularly the alloy steel standards—at temperatures ordinarily 
employed but finishing at temperatures above the fusion point of 
the oxides. The gas furnace and other apparatus shown in 
figures 1 and 2 were employed. The combustion tube was of 
platinum, with provision for water and air cooling of the ends, 
as shown. When the flame from the blow-pipe impinged directly 
upon the platinum without a protecting tube the temperature 
attained was about 1520°, as indicated by a platinum, platinum- 
iridium thermoelement and millivoltmeter. In someof the work a 
protecting alundum tube was used around the platinum tube. This 
however, was found to reduce the temperature more than was de- 
sirable, largely because of reduced combustion space in the already 
too small combustion chamber of the furnace used. During com- 
bustion the steel was supported directly on the platinum boat; by 
careful regulation of the rate of admitting oxygen and of the temper- 
ature of the furnace the steel particles were coated superficially with 
oxide before there was any danger of serious injury to the plati- 
num by alloying; as soon as this coating was formed the combustion 
could be finished at a moderate rate without danger to the boat. 
The use of the alundum generally recommended as a lining mate- 
rial for boats during combustion was found objectionable in these 
experiments, because when it was employed the entire contents 
of the boat could not be kept fused (the melting point of alundum 
being about 2000°) and there was also some indication that addi- 
tional carbon, not oxidized by prolonged ignition in oxygen at 
1500°, was eliminated from the alundum when in contact with 
fused iron oxide. Similar difficulties were encountered with other 
supporting materials that were tried. The catalyzer following 
the furnace was found absolutely necessary, since otherwise very 
irregular results, sometimes several hundredths per cent low, were 
obtained ; tests with palladium chloride solution showed the pres- 
ence of carbon monoxide in considerable quantity, when the 
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catalyzer was omitted, and its absence when the catalyzer was 
used. The barium carbonate titration method,? recently de- 
scribed by one of us, was-used for the determination of the carbon 
dioxide. 

The routine followed in making a determination consisted in 
inserting into the combustion tube the boat containing the sample, 
and connecting up the Meyer tube containing barium hydroxide 
solution. While passing a slow current of oxygen the combustion 























Fig. 2. Cross-section of Furnace 


P, platinum tube; W, water cooled jacket of Germansilver; S,stopper, German 
silver; C:, and C2, copper tubes soldered to the platinum tube. 


tube was brought to about 700° or 800° and kept at that tempera- 
ture until the superficial oxidation of the particles was effected; 
this required a minute or two; then the temperature was raised 
to about 1000° and the combustion completed. As soon as 
absorption of oxygen had ceased the blow-pipe flame was turned 
on full, this stage of the combustion being continued twenty-five 
to thirty minutes to insure that the oxides had been kept fused a 
sufficiently long time. The Meyer tube was disconnected and 
the determination finished by filtering off and washing the precipi- 


2J.R. Cain. B.S. Tech. Paper No. 33; also J. Ind. and Eng. Chem. June, 
1914, 
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TABLE 1 


Resvu.ts* OBTAINED BY CoMBUSTION OF B. 8S. STANDARD STEELS AND 
Irons AT Hicu TEMPERATURE 


VALUES OBTAINED BY COM- 
BUSTION AT HIGH TEMP. 


ALL 


B. 8. NO. AND DESCRIPTION 
OF SAMPLE 


DIFFERENCE 
Average: 
Cain Cleaves | Cain and 
Cleaves 


CARBON. AVER- 


CERTIFICATE 
VALUE FOR 
AGE OF 
METHODS 


per cent per cent per cent per cent per cent 
f 0.350 
Vanadium steel B.S. No. 24.. 4 0.350 0.351 +0.003 
0.348 0.354 | 
Chrome vanadium steel B.S. { 0.381 0.380 +0.007 
DR Bes 5:5 cro ee ws. U] 0.378 0.381 
0.380 . 0.383 (+0.011 
0. 


Chrome-nickel steel B.S. No.} | 0.372 383 


Nickel steel B.S. No. 33. 


for) 
= 
o 


Chrome-tungsten steel B.S. } 


No. 31. 


0. 
0. 
0. 
0. 
0.: 
0. 
0. 
0.6 


os 


Bessemer steelt 0.8 B.S. No. | 
23 


S22283' 


= 
— 


805 
805 
371 
370 
374 
374 
74 
75 2.743 |+0.017 
74 


oossoosese 


R 


Bessemer steel 0.4 Renewal } 
B.S. No. 10b 


wooooo 


Pig Iron C 2d Renewal No. 5b { 


bt bo 


* This is a partial list of results for the steels reported; the later publication 
will contain more data for these steels. 

t Certificate value omitting the results by the colorimetric method, which is not 
considered applicable to this steel. 

t This steel was used as a standard for checking up the apparatus, and usualiy 
one or two determinations a day were made with it ; these numerous determinations, 
with very few exceptions, were of the kind shown in the table. 

§ Results given on the certificate as the average by analysts making one com- 
bustion without reburning the oxides. 
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tated barium carbonate and titrating it against standard acid as 
described in the paper above cited. The oxides were usually 
found to be thoroughly fused and to have spread over the bottom 
of the boat; in some cases they even crept ever the sides of the 
container. A second fusion of such oxides gave no further carbon 
dioxide to a freshly filled and clear barium hydroxide tube. 
Great care was taken at all stages of the work to eliminate extra- 
neous carbon dioxide, so that the frequent blank determinations 
made by passing oxygn at the rate used in a combustion for 
twenty minutes to one-half hour gave no amounts of barium car- 
bonate determinable by the method used. 

The results of Table 1 show that some steels give higher results 
by the new method than by the old and that others yield only 
slightly higher figures, while with the iron the difference amounts 
to nearly 0.02 per cent. The alloy steels thus far tested do not 
seem, to give higher results than are to be found among the plain 
carbon steels. Whether greater differences in general may be 
found with other products can be determined only after further 
work. 


The more extended paper on this subject to be published by us 
elsewhere will contain results on the remaining standard analyzed 
steel samples of the Bureau of Standards, as well as the description 
of an electric furnace used for heating the porcelain and platinum 
combustion tubes used. 


MINERALOGY .—Preliminary note on searlesite, a new mineral.' 
Esper 8. Larsen and W. B. Hicks, U.S. Geological Survey. 


The mineral for which the name searlesite is proposed was found 
in samples from the deep well in Searles Lake, San Bernardino 
County, California. One sample, washed from the clay at a 
depth of 540 feet, consists almost entirely of spherulites which 
are made up largely of radiating fibers of searlesite with a con- 
siderable amount of sand and calcite. In another specimen the 
searlesite is associated with pirssonite, trona, halite, sand, etc. 


1 To appear in full in the American Journal of Science. 
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Searlesite is rather soft and is readily fusible. It is soluble in 
hydrochloric acid with gelatinization and appreciably soluble in 
water. The optical properties are: 


a = 1.520 2 E very large ; 
y = 1.528 Maximum extinction angle large 


After correction for insoluble minerals and for calcite the 
chemical analysis corresponds approximately to Na,O.B.0;. 
4Si0,.2H,0. 


BO TANY.—The genus Arthrocnemum in- North America. Pau 
C. Sranptey, National Museum.' 


Arthrocnemum is one of the smaller genera of the Chenopodi- 
‘aceae, similar in general appearance to Salicornia, but distin- 
guished by its glabrous seeds, with rather copious endosperm, and 
by having distinct perianths, which are not immersed in the joints 
of the flowering spikes but project from them rather conspicu- 
ously. In Salicornia the seeds are without endosperm and are 
covered with numerous short hairs, while the flowers are coalescent 
and immersed in the joints. 

About eight species of Arthrocnemum are known, all natives of 
the coasts of the warmer parts of Europe, Asia, Africa, and Aus- 
tralia. No true representative of the genus has ever been reported 
as such from North America, although Moquin? referred Salicornia 
ambigua Michx. to it with doubt. That species, however, is a 
true Salicornia. ‘ 

In 1898 Mr. S. B. Parish described a new Salicornia from 
southern California. His description alone would exclude the 
plant from the genus, for he describes the seed as “smooth.” 
This character, however, would not seem remarkable to one who 
had studied Sereno Watson’s treatment of Salicornia,* for that wri- 
ter says, under S. ambigua, “‘S. fruticosa of the Old World differs 
in being erect, stouter and more branched, the seed larger and 
smooth.” The European plant to which Watson referred is 


1 Published by permission of the Secretary of the Smithsonian Institution. 
2? Chenop. Enum. 112. 1840. 
2 Proc. Am. Acad. 9: 123-125. 1874. 
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properly known as Arthrocnemum glaucum (Delile) Ung. Sternb.,‘ 
while the Linnaean Salicornia fruticosa is a true Salicornia, with 
pubescent seeds. These two plants have been greatly confused 
by Old World botanists.® 

Salicornia subterminalis is undoubtedly a member of the genus 
Arthrocnemum. While closely related to A. glaucum of the Medi- 
terranean region it appears distinct in its much narrower, more 
acute spikes, numerous slender, erect branches, and pale seeds. 
The form of the inflorescence, too, is peculiar. The flowering 
spikes usually do not terminate the branches, but themselves 
terminate in long sterile branches. The flowering joints may be 
found almost anywhere along the young branches; sometimes 
they are solitary, but more often there are 3 to 14 together. 
The plant of the Pacific Coast may, therefore, be known as 
below. The Mexican specimens come from a locality far distant 
from southern California. It is probable that, when the coastal 
regions of Senora and Lower California have been more 
thoroughly explored, the plant will be found at intervening 
stations. 
Arthrocnemum subterminale (Parish) Standley. 

?Arthrocnemum fruticosum californicum Mogq. in DC. Prodr. 137: 151. 

1849.—Type collected in California by Nuttall (“Salicornia califor- 


nica Nutt.! in herb.”). The description is very brief but seems to 
indicate the present plant. 

Salicornia ambigua 8. Wats. Proc. Am. Acad. 9: 125. 1874, in part; not 
Michx.—The Wilkes specimen listed below was doubtless referred 
here by Watson, who cites Wilkes among the collectors. The 
— Expedition, however, collected specimens of S. ambigua, 
also. 

Salicornia subterminalis Parish, Erythea 6: 87. 1898.—Type from 
San Jacinto Plains, California, S. B. & W. F. Parish 1520. 

Specimens have been examined from the following localities: 

CALIFORNIA: San Francisco Bay, Wilkes Expl. Exped. 1204. Near 

Bakersfield, Coville & Funston 1234. Menifee, Parish 4463. San Jacinto 
Plains, S. B. & W. F. Parish 1520. Ballona marshes, near.Mesmer, 
Abrams 2565. San Diego, Wooton; K. Brandegee. Vicinity of Monument 
258, Pacific coast, Mearns 3930. Avalon, Santa Catalina Island, T'rask. 


Mexico: Topolobampo, Sinaloa, Rose, Standley, & Russell 13286. 


*See Asch. & Graebn. Syn. Fl. Mitt. Eur. 5: 190. 1913. 
5 See C. E. Moss. Some species of Salicornia, Journ. Bot. Brit. & For. 49: 177- 


185. 1911. 
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BACTERIOLOGY.—Bacterial precipitation of calcium carbonate. 
Karu F. Ke.tueRMAN and N. R. Smuriru, Bureau of Plant 
Industry. 


In 1914 the late George H. Drew' called attention to the prob- 
able importance of bacteria in the formation of marine deposits 
of calcium carbonate. He isolated and designated as Bacterium 
calcis an organism which, cultivated in the laboratory, precipi- 
tated calcium carbonate from synthetic cultural media. At the 
suggestion of Dr. T. Wayland Vaughan, in charge of Coastal 
Plain Investigations, U. 8. Geological Survey, we have under- 
taken a bacteriological study of samples of water and oolitic sand 
from the Great Salt Lake and from the Atlantic Ocean near the 
Bahamas and the Florida Keys. The samples of water and 
bottom mud which served as a basis for these experiments were 
obtained through the courtesy of Dr. Vaughan. 

The progress of this study has been necessarily slow, since the 
elaboration of new technique is required in dealing with such 
unusual conditions. At the present time, however, it is believed 
that some important facts have been established. We have 
found it possible in the laboratory to form precipitatesof calcium 
carbonate by three types of biological processes. These are 
briefly outlined below in the probable order of their importance. 

1. The associative action of mixed cultures of bacteria, one 
species which forms traces of carbon dioxide and one which 
forms ammonia either by decomposing some proteid or by redu- 
cing nitrates to nitrites and to ammonia, gives rise to ammonium 
carbonate. This ammonium carbonate reacts with any calcium 
sulphate which may be in solution according to the formula: 

CaSO, oh (NH,)s CO, = CaCO; — (NH,)2S0, 
It is obvious that the carbon dioxide necessary for this reaction 
may be produced by plant or animal catabolism as well as by 
bacterial fermentation. 


1 Drew, George Harold. On the Precipitation of Calcium Carbonate in the 
Sea by Marine Bacteria, and on the Action of Denitrifying Bacteria in Tropical 
and Temperate Seas. Publ. No. 182, Carnegie Institution of Washington, p. 7- 
45. 1914. 
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2. Calcium carbonate may be precipitated from water laden 
with calcium bicarbonate by bacterial production of ammonia 
according to the formula: 


Ca(HCQs)s ot 2NH,OH = CaCO, + (NH,)2CO; + 2H,O 


3. Calcium carbonate may be precipitated as a result of the 
bacterial decomposition of calcium salts of organic acids such as 
calcium succinate, calcium acetate, or calcium malate. The 
denitrification of nitrates also takes place in these cultures and 
perhaps is essential to the formation of calcium carbonate. The 
formulae for this reaction have not yet been determined. 

From our experimental work it seems probable that the precip- 
itation of calcium carbonate described by Drew as occurring in 
solutions supplied with organic compounds of calcium is due to 
the calcium liberated from the decomposing molecule of the 
organic calcium salt. We have produced rather large crystals of 
calcium carbonate by the growth of certain bacteria in media 
which contained no calcium whatever except in the form of organic 
salts. In this connection it should be noted that denitrification 
of nitrate will not in all cases produce the ammonia necessary for 
some of the reactions referred to above. Where a culture medium 
remains alkaline during the production of nitrite further produc- 
tion and accumulation of ammonia is possible. Where the culture 
medium is faintly acid, however, in the first stage of the fermen- 
tation, the nitrite is produced, and with the production of even 
minute traces of ammonia a decomposition of the resulting am- 
monium nitrite takes place with the liberation of free nitrogen, 
according to the formula: 


NH,NO, aad Nz + 2H.0 


A study of Drew’s original description of Bacterium calcis, as 
well as careful study and staining of similar organisms isolated 
from samples of water collected near the Florida Keys, shows 
beyond doubt that the proper genus for this organism is Pseudo- 
monas. New data for identification are given in the following 
description : 
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Pseudomonas calcis (Drew) n. comb. 
Bacterium calcis Drew, Carnegie Inst. Pub. No. 184, p. 26. 1914. 
An actively motile organism, 1.14 by 1.5 to 3u, bearing a single flagel- 
lum (see Fig. 1). Sometimes forms long threads. Grows best in media 
containing three per cent. sodium chloride or in sea water containing 
pepton and nitrate, but is quickly killed by stronger solutions of sodium 
chloride. Grows weakly in 
three per cent. salt pepton 


~ broth, forming neither nitrites 
nor ammonia. Grows luxuri- 
: antly in three per cent. salt 


pepton broth containing two- 

tenths per cent. nitrate, form- 

ing nitrite in twenty-four 

hours, ammonia in forty-eight 

Fig. 1. Pseudomonas calcis; showing the hours. In synthetic broth 
terminal flagellum, stained by a modification composed of sea water 1,000 
of Williams’ method. Drawn, greatlyenlarg- grams, sodium phosphate 0.25 
ed, from a photomicrograph. grams, potassium nitrate 2 
grams, together with 5 grams 

of either calcium malate, calcium succinate, or calcium acetate, nitrites 
are formed in forty-eight hours to six days. Ammonia is formed in four 
days in the medium containing calcium malate. Only traces of ammonia, 
within the limits of experimental error, in media containing calcium 
succinate or calcium acetate. The addition of a small quantity of pep- 
ton to any of these media stimulates luxuriant growth and rapid pro- 


duction of both nitrite and ammonia. 


ANTHROPOLOGY.—Algonquian linguistic miscellany. Trvu- 
MAN MicueEtxson, Bureau of American Ethnology. 


The Fox citations in this paper are either from Dr. Jones’ Fox 
Texts (by page and line) or from the present writer’s texts, 
unless the contrary is explicitly stated. The author’s texts were 
collected in the current syllabary, being written out by various 
informants. The citations from these have been restored according 
to the phonetic scheme of Dr. Jones, though this is not to be 
considered as altogether satisfactory. The numerals within the 
brackets all refer to sections of the Algonquian sketch in Part 
1 of the Handbook of American Indian Languages. 

These notes are assembled here in the belief that they will be 
of value to future investigators of Algonquian languages and that 
a more accurate and complete linguistic classification of Algon- 
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quian tribes will be possible when more data of this nature are 
available. 


PHONETIC CHANGES 


1. n to c. In my Contributions to Algonquian Grammar! I have 
shown that in both Fox and Potawatomi n changes to c before an 7 
which is either a new morphological element or the initial sound of such 
an element. I also raised the question as to whether this change might 
not occur in other dialects. That it likewise is found in Ojibwa is shown 
by micin GIVE (THOU) ME as contrasted with kigaminin 1 WILL GIVE 
THEE, both of which are quoted from Dr. Jones’ unpublished texts. The 
last example also shows that the change does not occur before Ojibwa 7 
when this corresponds to Fox e (Fox kiminen’, M., I WILL GIVE THEE). 
From my Shawnee notes of 1911 it appears that the same or a like phe- 
nomenon occurs in that language. Thus kaldsilé’ speak To ME (the- 
oretically kanédcin“ in Fox, supported by kanéc‘ TELL 1T [an.] in Jones’ 
Texts at 298.26; -in“ [31]; see my ‘Contributions,’ |. c.); kitesi you TOLD 
ME (theoretically Fox ketec', ke—‘ [28]; stem te, -c- as above; supported 
by Fox kimic‘ at J. 240.14 1 wisH YoU WOULD GIVE ME, ki—‘ [28] as 
contrasted with kitele1 ToLp you (corresponds to Fox ketene, J. 110.5, 
116.14). It is likely that in both cases the s is a mishearing for c; 
observe that in Shawnee @ corresponds to Fox s, e.g., $dgi- BIND = 
Fox sdgi-. 

2.stoc. That s changes to c in Ojibwa under the same conditions 
as in Fox (Am. Anthropologist, 1. c., p. 471) is clear from winiciyan THOU 
WILT KILL ME as compared with kiwinisin I WILL KILL THEE, and 
kanisadwad THOU WHO DIDST KILL THEM. The citations are both from 
Jones, |. c. The change does not take place before Ojibwa 7 (#) when 
this corresponds to Fox e, which shows this last is the more original, 
for which see also the discussion of the change of n to c. 

3. my to m in Ojibwa. In Jones’ texts I find nimacita'd@ 1 FEEL SAD 
AT HEART. Contrast this with Fox dmydcitahdtc (in my unpublished 
texts) HE HAD DOLEFUL FEELINGS IN HIS HEART. The Ojibwa example 
may furthermore be used to illustrate the change of n to c in that lan- 
guage: See American Anthropologist, |. c., p. 471. 

4. Interchange of Fox 6 and aw. In paragraph 34 of the Algonquian 
sketch in the Handbook of American Indian Languages I pointed out 


1Am. Anthropologist, N. 8., XV, p. 470 ff. 
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that in the ease of double objects the pronominal form of the third 
person object, singular or plural, animate or inanimate, is -amdé- (-amu-) 
before consonants, -amaw- before vowels. On further investigation it 
appears that the interchange of 6 and aw is not restricted to these cases 
but is universal in Fox. Examples showing this are d‘pydtdyan' (J. 
322.7) 1 HAVE BROUGHT IT [é—ydn', 29; ‘td, 21, 37], ki‘pyd'‘tawipw* 
(M.) You WILL BRING IT TO ME [ki—ipw*, 28), d'pyd'‘tawutc’ (M.) THEN 
IT WAS BROUGHT TO HIM [é—utc’, 41], pyd‘tawigwahig' (M.) THEY MUST 
HAVE BROUGHT IT TO ME [-igwdhig', see below p. 406]; neneskinawdw* 
(J. 68.14) 1 LOATHE HIM [ne—dw*, 28], dneskindnan’ (M.) BECAUSE I 
HATE THEE [d—ndn'‘, 29]; d'kandnetc (J. 8.5). HE WAS ADDRESSED, [G— 
etc’, 41; -n-, 21, 37], kanawin* (J. 180.4) spEax [-n“, 31]; a’ a’ci‘téndgw* 
WHEN HE BUILT THEM (inan.) For you (J. 30.16) [4d—ndgu*, 29; -‘to-, 
21, 37], dci‘tawiyametcin' (J. 32.6) THOSE (inan.) HEMADE FOR US [change oF 
stem-vowel, 33; the table in 33 does not give the termination -iyametcin' 
as it is not constructed in such a way as to take into consideration such 
rare combinations], aci‘tawiyd'kap* (M.) THOU MIGHTEST MAKE THEM 
(inan.) FOR THEM (an.) [-iyd'kap’, 30]. 


THE SUPPOSED FOX STEM uwiwt- 


In section 16 of the Algonquian sketch in the Handbook of American 
Indian Languages, a Fox stem wwiwi- To MARRY is assumed. This is 
wrong; we evidently have the type of incorporation discussed in the Am. 
Anthropologist, N. 8., XV, p. 474 ff. as is shown by uwiwan’ (J. 146.3, 
216.3 etc.) HIS WIFE [u—an', 45], niw* (J. 216.4) my wire [n—*, 45]. 
The word uwiw*, cited in the sketch, is either a mistake for uwiwan'’, 
or more probably for wwiwiw* HE MARRIES. This last is reconstructed 
by myself but is supported in formation by kihuwtw' 1 woULD HAVE You 
TAKE HER TO WIFE, J. 82.2, etc. [ki-, 28; -h-, 8]; wthuwthiw* HE WANTS TO 
GET HIMSELF A WIFE, J. 320.14 does also [wi—w*, 28; -h-, 8], though the 
second h of this is obscure. Incidently it may be remarked that owtwan‘ 
(J. 228.8; a variant of wwiwan') is wrongly treated in section 8 of the 
same sketch. The first w, not the second, is the glide as is shown by 
niw* MY WIFE: compare ni‘kdn* (J. 14.12, 26.17) my FRIEND as contrasted 
with uwit'kdnan’ (J. 314.14, 15) ws FRIEND; see section 45. The -i- of 
the supposed stem is of course simply the copula. 
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THE SUPPOSED FOX WORD nepydtcéndndwag' 


A supposed Fox word nepydtcdndndwag’ | HAVE COME TO TAKE THEM 
Away is cited in section 28 of the Algonquian sketch in the Handbook 
of American Indian Languages. The analysis there given makes -d- 
occur in the wrong position; and there can be no doubt the word is a 
mistake for nepydtcitcdndnawag’, J. 50.22, in which tcd is an incorporated 
particle; see pp. 472, 473 of the American Anthropologist, N. S., vol. 
XV, and pyd- and né- in section 16 of the sketch. 


NOTE ON FOX nihutiigimadmipen* 


_ In my ‘Contributions’ cited above, I assumed that nthutigimadmipen* 
in Jones’ texts at 8.6 (so, not 28.6) was an error for ki-. That this is not 
an error is shown by the following kiyaw‘. The correct analysis is: 
ni—pen* [28]; -h-[8]; -u-[the possessive pronoun under discussion]; 
-t-[8, 45]; -m-(second one) [45]; -i-[20]. It is evident that ki'u'tigimd- 
mipen* in Jones’ texts at 8.3 is a variant of kiutd’gima’mipén® in 
section 13 of the Algonquian sketch in the Handbook of Ameri- 
can Indian Languages [ki—ipen*, 28]. The first accordingly should be 
translated WE WOULD HAVE A CHIEF, NAMELY, THYSELF [see 46]; and the 
second THOU WILT BE CHIEF TO Us. The very great similarity of the 
two words was the source of mistake. 


INCORPORATION OF THE NOMINAL OBJECT 


I have stated in my ‘Contributions,’ p. 473 that incorporation of the 
nominal subject or object does not occur in transitive verbs. From 
some recent work with Fox informants it appears that such incorporation 
can occur optionally after the first initial stem, or the element -tci- 
(‘Contributions,’ pp. 472, 473) if there is likewise another stem. A 
sentence written out by one informant, the phonetics of which I have 
restored according to Dr. Jones’ scheme, stated to have been spoken by 
an old woman is as follows: nepydtciketanesawaépamdapen* we (excl.) 
HAVE COME TO SEE YOUR DAUGHTER, the analysis of which is ne—dpen* 
[28], pyd-[16], -tci- [see above], ketanesa [ke—a, 45], wdpa-[16], -m- 
[21,37]. It may be noted that the terminal vowel of keldnes* your 
DAUGHTER has beome full-sounding. Thus far I have not been able to 
confirm this type or incorporation by examples from either the texts of 
Dr. Jones or myself. 
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NOTES ON THE FOX INTERROGATIVE MODE 


The Fox interrogative mode is discussed in section 32 of the Algon- 
quian sketch in the Handbook of American Indian Languages. A table 
giving the terminations of the intransitive forms of the conjunctive will 
be found there. However, as I have already pointed out, transitive 
forms certainly exist, though not given in the table. Since then Ihave 
been able to construct a‘practically complete series by having Fox 
informants translate English sentences framed to bring out the desired 
points. The informants wrote the words in the current syllabary, the 
phonetics of which I subsequently restored according to Dr. Jones’ 
scheme. This was done because transitive forms necessarily are of 
rare occurrence in texts containing myths or tales, owing to the nature of 
the sentences involved. However, the forms seem to be sufficiently 
confirmed by those I have found in the texts of both Dr. Jones and myself 
as to warrant publication, subject to future correction. The initial 
d- or wi- is omitted in the table herewith. 


Examples from the texts of both Dr. Jones and the writer illustrating 
the above follow. 


Intransitive forms: 


wihanemime'tusdnentwiwanin' (J. 380.12) As LONG INTO THE FUTURE 
AS I SHALL LIVE [hanemi-, 16; me‘tusdneniwi- derived from the noun 
me‘tusdneniw* MORTAL by the addition of the copula ~7-, 20, and stripping 
the ending of animate nouns (-*) from the word; see Am. Anthropologist, 
N. S., XV, p. 475]; 

wihicawiwagin' (J. 364.20) wHaT we (excl.) SHOULD Do [-h-, 8;7- 
cawi-, stem, -16]; 

wiwdpipemutiwagwin! (J. 20.12) WHEN WE (incl.) SHALL BEGIN 
SHOOTING AT EACH OTHER [wdpi-, 16; pemw-, 16; -fi-, 38]; 

pyawanin' (M.) aT LAST THOU HAST COME [pyd-, 16; see also 11 at 
end]; 

dcawicawiwigwin' (M.) HOW YOU HAVE BEEN DOING [cawi-, 25; 
caui-, 16]; 

dcawi gwiin' (J. 342.15) WHAT HAS BECOME OF HIM (cawi-, 16]; 

wthutciponesegukwig' (J. 364.16) HOW THERE SHOULD BE AN END OF 
THE KILLING OF THEM [-h-, 8; utci-, 16; pd- shortened from péni-, 16: see 
12; ne- KILL, initial stem; -s-, 21, 37 (not nes- as given in 16); -e-, 8; 
-kwihig‘ for -gwihig', 3; -gu-, 41); 

atégwin' (M.) IT MUST HAVE BEEN (here) [-td-, 20] 
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Transitive forms: 


wihicikandnawagin' (M.) HOW I SHOULD THUS SPEAK TO HIM [-A-,8; 
ici-, 16; stem kan- or kané-, 16, and above page—-; -n-, 21, 37]; 

wiwatcdhaw agwin® (J. 234.22, ef. 260.15) THAT WE CAN COOK FOR HIM 
[variant for -dwagwdn’, subjunctive; hence final -*, not -’ as in table: 
see 32; watcd-, 16; -h-, 21, 37]; 

dcimiwigin' (J. 280.11) WHATEVER YOU SHOULD TELL Us [cim-, 
16); 

wdtenawatin' (J. 300.10) From WHAT PLACE You GOT IT (an.) [wéte, 
evidently related to wdtci as pydte to pydtci: see 16 under pyd- and utci-, 
also 11; -n-, 21, 37]; 

keke'kdnetamowanin' (J. 288.5) You KNEW ABOUT ALL IT [ke-, 25; 
ke'k-, 16; -dine-, 18; -t-, 21, 37]; 

winesiw atiin' (M.) HOW YOU WILL KILL HIM [for analysis see above]; 

dcike'kdnemawatin' (M.) HOW YOU WILL THUS KNOW HIM [-m-,21,37; 
ci possibly for ict: see 12, 16]; 

dcike‘kdnetamowanin'! (M.) HOW YOU WILL ACCORDINGLY KNOW IT; 

dndndémiwigwin' (J. 356.6) THAT YOU WILL ENTERTAIN OF ME IN YOUR 
THOUGHTS (-m-, 21, 37]; 

wii cimenwinawdhawaigwin' (J. 366.6) HOW YOU SHALL PACIFY HIM 
[ici-, 16; menwi-, 16; -h-, 21, 37]; 

dndtamowiigwin' (M.) HOW YOU MAY SEE THEM (inan.) [stem né-, 
wrongly given as ndw- in 16: w is an instrumental, 21, 37; -¢-, 21, 37]; 

wthind'penanagwin' (J. 278.6) How HE WOULD DO WITH THEM [-n- 
(next to last one), 21, 37]; 

wt i cike'kdnetamogwin' (M.) HOW HE WILL THUS KNOW IT; 

pyd‘tawigwihig' (M.) THEY MUST HAVE BROUGHT IT TO ME [pyd-, 16; 
‘taw- for -‘t6-, 21, 37: see above, p. 403]. 

Furthermore it seems clear that there existsa participial of the interrog- 
ative mode as well as the conjunctive and subjunctive as shown by 
wdwigwan? (J. 216.13) HE WHO HAPPENS TO MARRY [see the note on the 
supposed Fox stem uwiwi-; for the change in the vowel compare wdgwi- 
sit (J. 170.19) sHE WHO WAS MOTHER TO THE SONS, wdwi'kdnetitcig‘ 
(J. 136.2) THEY WHO WERE FRIENDS TOGETHER, wdndpdmit* (J.138 
TITLE) SHE WHO HAD A HUSBAND as contrasted with d’ugwisiwdtc' (M.) 
THEN THEY HAD A SON, Ghuwi'kdnetiwate (J. 150.12) THEY WERE FRIENDS 
TOGETHER, undpdmin* (J. 70.3) TAKE TO YOURSELF A HUSBAND: see 
11, 33], me‘tusdneniwigwaén* (M.) WHO EVER SHALL LIVE AS MORTAL, 





LOTKA: OBJECTIVE STANDARD OF VALUE 409 


wikaskimadgwan® (J. 370.14) HE THAT MIGHT ENTICE HIM [wi- used as in 
the conjunctive; kaski-, 16; -m-, 21, 37], dmikaskindwaswigwdn* HE WHO 
SHALL CONTRIVE TO OUTRUN ME (obtained in the translation of an English 
sentence), md‘kwdnetamogwién* (M.) HE WHO SHALL REMEMBER IT 
[change of stem-vowel, 33; me‘kw-, 16; -dine-, 18; --, 21, 37], wi‘pwadwinah- 
imamadtutamogwan* (M.) HE WHO SHALL NOT KNOW HOW TO WORSHIP 
THEM (inan.) [wi- and pwdwi- as in the conjunctive; nahi-, 16; ma, 25; 
matu-, 16; -t-, 21, 37], wi d'kumese‘iwagdn* (M.) WHOEVER WE (incl.) 
SHALL HAVE FOR OUR (incl.) GRANDMOTHER [for incorporations of this 
type, see Michelson, Am. Anthropologist, N.S., XV, p. 474 ff.; 5-, 45 at 
end; -t-, 20; wi- as above]. Evidently the endings of the interrogative 
participial bear a relation to those of the interrogative conjunctive 
similar to that which the terminations of the ordinary participial [33] 
do to those of the ordinary conjunctive [29], as is shown by the terminal ¢ 
of the former as compared with the terminal ‘of the latter. The parti- 
cipial character of the forms under discussion is furthermore guaranteed 
by the occurrence of the characteristic change in the stem-vowel. Un- 
fortunately it has not been possible thus far to obtain a complete series 
either from texts or by direct questions. 


ECONOMICS.—An objective standard of value derived from the 


principle of evolution—I. Aurrep J. LorKa. Communi- 
cated by G. K. Burezss. 


Value primarily subjective and personal; definition. Any pos- 
sessable quantity which has properties rendering it desirable to an 
individual A is said to have value for that individual. Value has 
thus primarily a subjective and personal connotation. 

Elimination of the personal element. As members of one bio- 
logical species all men resemble each cther more or less closely in 
their tastes. Hence, a commodity which has value for one 
individual has, as a rule, a somewhat similar value for other 
individuals also. In a community in which a variety of goods 
are offered for sale, the price obtainable on the open market 
depends not upon the value set upon them by any one individual, 
but by a group of individuals, the potential purchasers. Value in 
such case, while still subjective,-is no longer a purely personal 
matter. 
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Objective basis of subjective value. But we may go a step further. 
While value is primarily a subjective attribute attached to certain 
things by an individual, or by a group of individuals, we may 
naturally expect that it should have an objective basis, just as the 
subjective sensation ‘‘red,’’ for example, has an objective basis in 
light of a wavelength of about 6.6 to 0.10-* mm. 

‘ Indeed, this is not merely a matter of conjecture, but follows as 
an inevitable consequence of natural law. This is very clearly 
brought out in a passage in Spencer’s The Data of Ethics (section 
34), which at the same time exposes the nature of the objective 
basis of value. For, remembering that a thing “valued” is by 
our definition a thing desired, i.e., a thing whose possession gives 
pleasure or allays pain, we can apply directly to value the argu- 
ment of Spencer with regard to pleasure and pain: 


; necessarily, throughout the animate world at large, pains 
are the correlatives of actions injurious to the organism, while pleasures 
are the correlatives of actions conducive to its welfare, since it is an 
inevitable deduction from the hypothesis of evolution, that races of 
sentient creatures could have come into existence under no other 
conditions. 

If we substitute for the word Pleasure the equivalent phrase—a feel- 
ing which we seek to bring into consciousness and retain there, and if we 
substitute for the word Pain the equivalent phrase—a feeling which we 
seek to get out of consciousness and to keep out: we see at once that if 
the states of consciousness which a creature endeavors to maintain are 
the correlatives of injurious actions, and if the states of consciousness 
which it endeavors to expel are the correlatives of beneficial actions, it 
must quickly disappear through persistence in the injurious and avoid- 
ance of the beneficial. In otber words, those races of beings only can 
have survived, in which, on the average, agreeable or desired feelings 
went along with activities conducive to the maintenance of life, while 
disagreeable and habitually avoided feelings went along with activities 
directly or indirectly destructive of life; and there must ever have been, 
other things equal, the most numerous and Jong-continued survivals 
among races in which these adjustments of feelings to actions were the 
best, tending ever to bring about perfect adjustment.! 


1The same thought is expressed by Frederic Lyman Wells (Journ. Abnormal 
Psychology, October-November, 224, 1913): ‘‘Organisms tend, in the most multi- 
form ways, to all sorts of activities that result in pleasure. These activities 
usually, but not necessarily, run parallel to those resulting in the objective ad- 
vancement of the organism or its species; . . . . Wedonot clearly know the 
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We see, then, that, as a general rule, things (including actions) 
valued must be things beneficial to the individual and the race. 
The modification as a general rule is necessary, owing to the fact 
that the perfect adjustment of the individual to his environment 
has not yet been brought about. 

These reflections give us the key to a quantitative and objective 
measure of value: Relative to a given community, let us call 
those the true or objective values vi v2 . . . of commodities 
A,Az2 . . . , the adoption of which by the community would 
make the adjustment of feelings to actions perfect, and would 
therefore, in Spencer’s words, make “survivals most numerous.” 
Let us see just what this implies. 

Distribution of labor in several activities. In the mathematical 
development of the concept of objective value defined above, I 
will take for my basis a modification of the treatment applied by 
W. Stanley Jevons? to the discussion of the distribution of labor 
in the production of several commodities. Following, then, in 
the main, the line of argument given by Jevons, we consider a 
representative individual, who has the choice of distributing his 
energies as follows: 

Let labor L, per unit of time be spent in the production of mass 
m, per unit of time of a commodity A,, with a marginal pro- 


an ; ‘ ; ; 
ductivity — ~ =p, and with a concomitant production of fatigue 


1 
f: per unit of time with a marginal productivity s =p’. Simi- 
1 
larly, let labor Zs per unit of time be spent in the production of 
mass m, per unit of time of a commodity A ., etc. 
The individual considered, whom we suppose to reap the bene- 
fits of his activity by consuming the products thereof,* seeks to 


make the total pleasure of his activities a maximum. If wdm; 


réle of the hedonic factor in determining the reaction, but natural selection would, 
of course, tend to the survival of those organisms in which the hedonic and bene- 
ficial factors were best combined.”’ ; 
2 W.S. Jevons, The Theory of Political Economy, 183. 1911. 
’ This supposition is tacitly implied, though not explicitly stated, in the devel- 
opment given by Jevons, loc. cit. 
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is the additional pleasure‘ derived from the consumption per 
unit of time of a small increment dm; of the commodity A;, and 
if w’; df; is the additional pleasure (negative in this case, i.e., 
pain) derived from the concomitant production per unit of time 
of a small increment df; of fatigue per unit of time incurred in the 
corresponding increment dL; of labor per unit of time, then the 
total additional pleasure dQ derived from the production and 
consumption per unit of time of the increments dm, dm; ... . of 
commodities A;, Az... is given by 


dQ = w,dm, + wr.dmz +... 
+w'i,dfit+a2dfe+... (1) 


Case 1. We shall consider first the simple case in which »; is a 
function of m, only, we of mz only, etc.; i.e. the pleasure of pro- 
duction and consumption of any one commodity depends only 
on the amount of that particular commodity produced and con- 
sumed per unit of time, and is independent of the production and 
consumption of other commodities. In that case we can write*® 


0 _ aa ) 


o, = — @=—— .. 
we — (2) 
en — 
= —. W2=—.... 

of Ofe 


oO; >= 


) an 


dQ = 


Q 
Pr aL, + ae ae é 
™ _ | 


Pe dL, + 
Q 02 


re) 
—— p’, aL — p', aL. y ite 
+P wae 2+ | 


The condition for a maximum of the total pleasure © is evi- 
dently that the right hand member of (3) shall vanish for all 
arbitrary valuesofdl,,dl, ... . ,or 


* w is the marginal ophelimity of commodity Aj. (Pareto, Manuel d’Economie 
Politique, 556. 1909.) 

* The function Q defined by equations (2) and (3) measures total ophelimity. 
(Pareto, loc. cit.) 





LOTKA: OBJECTIVE STANDARD OF VALUE 


on, 02 oe 
a I1,1> — PD + Dr«= 
Pr of, Pi San Pe of. } 
The unit of labor per unit of time has so far been left undefined. 
Condition (4) assumes a particularly simple form, if we agree to 
measure labor (per unit of time) by the degree of discomfort’ which 
it causes. In that case 


on 
om 1 


oa, ewe df, ‘ 
wilds i= ——— 5 — 1 . 
~ <delaee” eae ©) 


for all subscripts 7, so that condition (4) here resolves itself into 
a set of equations 


on, , 
=—- —D); D's 
of of: 

The ophelimities 2, ® . .. are not capable of direct measure- 
ment. However, in the case of open competition (entire absence 
of monopolies), which is the only case to which Jevons’ treat- 
ment and that here given applies, the ophelimities can be measured 
indirectly, since they are here proportional to the “values in 
exchange” 2,2 . . . . of commodities A:,A:.... ,ie., 


Se cS imi... (7) 


am, Ime 


1=k on % = aol 
om, Ome 


Introducing (8) into (6), we have 
1 Pi = 2 Po =... (9) 


* In Jevons’ treatment this assumption is implied in the words: (the) “amount 
of feeling dLi, the increment of labor . . . . ” loc. cit., 185. 
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or, since the price P of a commodity is proportional to its ‘“‘ value 
in exchange,’’? 


Pip, = Pope = ss @ (10) 


Equations (6) and (9) or (10) are those derived by Jevons by a 
someWhat different process. This set of equations determines a 
certain definite distribution of labor when the values of w, w’ and 
p and p’ are given for each commodity and form of fatigue—and 
this is as far as Jevons carries the discussion of the problem. 

For our present purposes the equations thus arrived at serve 
merely as a starting point on which to base our investigation. 
Jevons assumes certain characteristics w, w’, p, p’, of the repre- 
sentative individual as given, and determines the distribution of 
labor which follows from such a set of characteristics. We, 
discussing the case from the point of view of evolution, are inter- 
ested in the effect produced by variations in these characteristics. 

Let us examine, from this standpoint, the basic equations (3) 
and (4). These equations clearly bring out the fact that the dis- 
tribution of labor in several pursuits depends, for a given type of 
individual, on two kinds of factors: 

1. On the productivity of labor in different pursuits, or, as we 
may express it in closer harmony with our present point of view, 
on the productive “‘efficiency’’ of the representative individual in 
different kinds of labor. Thus, in particular, it is obvious that 
if, other things remaining equal, all the efficiencies p are increased, 
the total amount of commodities produced and thus rendered 
available for consumption will be increased. Normally this will 
bring with it a rise in the rate of increase of the community or 
race, i.e. a better adaptation of the race to its environment, or 
greater “‘fitness.”’ 

2. On the other hand, given a certain set of values of the pro- 
ductivities or efficiencies p, the distribution of labor will depend 
on the values which the individual sets upon the several commodi- 


7 Loc. cit. pp. 184, 186, 187. In place of the prices P; P:.. Jevons introduces 
into equation (10) the quantities Q:, Q2 of the several commodities interchange- 
able on the market. These quantities Q are of course inversely proportional to 
the prices P. 
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ties, i.e., it will depend on the wand w’. There is evidently some 
particular set of w, w’ which will give the best result, or the opti- 
mum adaptation, and any departure therefrom represents an 
“error in the judgment of values” on the part of the individual 
characterized by the “‘faulty”’ set of w, w’. Thus, for example, 
the drunkard sets an exaggerated value w, upon alcohol, and 
allows too great a proportion of his labor (earnings) to be spent 
upon this item. The lazy man has an exaggerated sense of the 
(negative) value of fatigue w’ in various pursuits, and does not 
accomplish as much as would be most advantageous for his wel- 
fare. On the other hand, there are over-energetic persons, who 
attach too small a (negative) value to fatigue, and who, disregard- 
ing the warnings of nature, continue to work when the benefits 
reaped are eclipsed by the physical injury incurred. And yet 
again there are ill-balanced enthusiasts, for whom the mere 
activity in certain pursuits has such attraction (w’ being in this 
case positive even for considerable values of f), that they have not 
the requisite time and energy left to provide adequately for the 
necessities of life. Our sense of fatigue is given us in order that 
we may strike the proper balance in these things, and evidently 
there is some set of w, w’, which would give the best results, steer- 
ing a median course between indolence on the one hand, and ex- 
cessive, injurious application on the other. 

To recapitulate, we note that the ‘‘fitness’”’ of a species, i.e., 
its adaptation to existing conditions, depends, other things being 
equal, upon the manner in which it distributes its labor, its 
efforts, among its different activities. There is evidently, in 
general, some particular distribution which results in an optimum 
benefit, which represents an optimum adaptation. That opti- 
mum will be reached only when the ‘‘sense of value” of the indi- 
viduals is perfect, or, as we may express it, when they value things 
(and actions) at their “true” or “‘objective”’ value. Conversely, 
we may turn the argument around, and draw from it the definition 
of the “true” or “‘objective” value of a commodity: We thus 
arrive at the following, which is a slightly modified statement of 
the definition provisionally laid down on p. 411: 
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Definition. Relative to a given species, those are the true or 
objective values vi, v2... of commodities A; A:..., the 
adoption of which by the species would make the adjustment of 
feelings to actions perfect, or, in other words, would make the rate 
of increase of the species, under existing conditions, a maximum. 

This definition now enables us to obtain directly a mathematical 
expression for the “objective values” of a set of commodities. 
For if, as before, the representative individual has the choice of 
distributing his energies in the production of commodities A, Az 

. , and if r is the rate of increase per head and per unit of 
time, of the species, the distribution of labor leading to a maximum 
rate of increase of the species is given by 


or dm, or df; or dm, or # 
a ; dL, A # dln+....=0 (11) 
‘= aL, of. dL, "tho df: dL il ) 


for all arbitrary values of dL, dl. . . 
But if we denote by 
v,=ko,=k on Ve =ko, =k on “oy Sat 2 (12) 
om, om, 
the true values in exchange of commodities A, A: . . . , that is 
to say, those which would prevail if the individuals had a perfect 
sense of values; and if we similarly denote by 


Vink, oh. ain... (13) 
of Ofs 

the true values (in exchange) of fatigue fi, fz . . . , then by our 
definition of ‘‘true value,” the same distribution as defined by 
(11) must also be given by 

22 dm, , 20 df, oan dm, , 2 dfn 

; + dL +- dl.+ .. .=dQ=0 (14) 

{ae dL, of, aL; “t om, dL. Ofs dL, 

for all arbitrary values of dl,, dls, etc., equation (14) being 
simply a special case of equations (3) and (4). 


Or ' 
‘It is here assumed that —— is a function of m, only, i” function of m2 
me 


Om 


only, etc. The more general case where this is not the case will be considered later. 
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Now equations (11) and (14) are satisfied by the same values 
of m, ™M, ...,f1,f2, ... , provided that 


Oe EO ieee - = 2=. . (15) 
om, Om: 


where F (Q) is an arbitrary function of Q. 
We may conveniently select for the function F the form 


F (Q) = constant = 1 


Then we have by (12), (13), (15), (16): 
in ae ORS Oz ae... 


Vee Ss ape Pr ott. ws 2° : 
om, mM, of: As 


F nar. ie ae 


v, =k’ ee et oe ° . ° ° 
om ome of; 


where k’ is an arbitrary constant which appears wherever we are 
dealing with values in exchange, and the signification of which is 
that the choice of one commodity as standard of reference always 
remains arbitrary. In the present case it will be most convenient 
to fix the value of the constant k’ arbitrarily by putting 


k’ =1 (20) 
The value of the constant k which appears in equations (12) 
and (13) depends on the units employed in measuring marginal 


ophelimities. It will be simplest to measure these directly by 
the corresponding values in exchange, in which case we have 


k =1 (21) 


We have then for the ‘‘true”’ values in exchange and for the 
corresponding ‘‘ideal” ophelimities (i.e. those attached to the 
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several commodities by an individual with a perfect sense of 
values) the simple relation 


do 
» Wy} = — =a (22) 
"as 


for all values of 7 and J. 

Thus our problem is solved for the special case here considered: 
We have found a mathematical expression for the numerical 
measure of the “‘true” or “objective’’ values of a set of commodi- 
ties. The “true” value (per unit of mass) of a given commodity 
A;, when the rate of consumption is m; units of mass per head per 
unit of time, is the partial differential coefficient — of the rate of 

i 
increase r per head of the species, taken with regard to mj. 
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GEOCHEMISTRY.—The composition of crinoid skeletons. F. W. 
CiaRKE and W. C. Wueeter. U. S. Geological Survey Profes- 
sional Paper 90—-D. Pp. 5. 1914. 

This investigation relates to the formation of marine sediments and, 
therefore, of sedimentary rocks. A single group of existing organisms 
was studied, namely the crinoids, and their contribution to the sedi- 
ments was established. The material was furnished by Mr. Austin H. 
Clark, of the U.S. National Museum, and consisted of 24 specimens rep- 
resenting 21 distinct genera, with a range of habitat from northern Japan 
to the shores of the Antarctic Continent. All of the crinoid skeletons 
consisted of calcium and magnesium carbonates, with minor impurities, 
and the proportion of MgCO; ranged from 7.28 to 12.69 per cent. The 
crinoids, therefore, contribute notable quantities of magnesia to the 
marine sediments. The proportion of magnesia, however, varied re- 
markably with temperature. The crinoids from high latitudes ran lowest 
in MgCO;; those from warm regions ran highest; the variation being 
curiously regular. So far as the authors are aware, a regularity of 
this order, which they do not attempt to explain, has never been 
observed before. 

Ten fossil crinoids, ranging from the Ordovician to the Eocene were 
also analyzed. These showed no regularities whatever, for they had 
evidently been much altered by leaching, and by the infiltration of 
foreign material. F. W. C. 


GEOLOG Y.—Reconnaissance of the Grandfield district, Oklahoma. M. J. 
Monn. U.S. Geological Survey Bulletin 547. Pp. 83, with maps, 
views and sections. 1914. 

The Grandfield district embraces about 360 square miles in southern 

Oklahoma, including the southeastern part of Tillman County and the 

419 
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southwestern part of Cotton County, and is drained by Red River. The 
interstream areas are a smooth, slightly undulating, treeless prairie, 
into which the smaller streams have cut very slightly except near their 
mouths. The notable features of the topography are (1) the broad, 
smooth surfaces, (2) a few low, round, isolated hills adjacent to the di- 
vides, preserved by a capping of more resistant rocks, and (3) the many 
large “breaks” or washes similar in character to the well-known bad- 
lands of other portions of the West. . 

The lowest outcropping rocks in the Grandfield district are ““Red Beds” 
of Permian age. There are relatively few data about the underlying 
rocks in this district, and these come from several deep oil and gas well 
records. The facts indicate that the upper portion of unexposed beds 
is of Permian age and that this series is underlain by older Carboniferous 
' beds of the Pennsylvanian series. 

In most of the Grandfield district the hard rocks are hidden beneath 
a surficial mantle of loose, unconsolidated material consisting of: (1) 
Dune sand, spread over a broad belt adjacent to Red River; (2) a dark 
or reddish sandy to clay soil, largely wind-biown, covering most of the 
smooth slopes of the interstream areas; and (3) a red clay-silt alluvium 
found in the broad, flat valleys of Deep Red Run and its tributaries. 
Beneath this thin veneer of Quaternary beds, exposed in many places 
in breaks and along the valley sides, lies a thin bed of coarse, hard quartz- 
lime conglomerate (here named the Grandfield conglomerate), very 
persistent and rarely exceeding five feet in thickness, which has been 
variously classified as of Quaternary or of late Tertiary age. It is under- 
lain unconformably by ‘‘Red Beds’’ of Permian age which are correlated 
with the Wichita formation of northern Texas. 

The most important structural feature recognized in the district is a 
low anticline that crosses it in a sinuous line trending generally east- 
southeast and west-northwest. Along the axis of this anticline lie a 
number of small elongated domes that are separated by low structural 
saddles. The rocks over the entire district generally dip eastward, and 
the dip is shown in the height of this anticline. The axis of this fold 
dips from an elevation of about 1,160 feet at the western side of the dis- 
trict to about 1,040 feet at its eastern edge, a distance of about 24 miles. 

Another important structural feature of this district is a broad flat 
syncline or structural trough which lies north of and roughly parallel 
to the anticline. The axis of this fold pitches slightly toward the east, 
but is somewhat modified by one or two shallow basins. 
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In the location of oil pools from geologic examinations of the surface, 
structure is the one factor, of the several controlling the accumulation 
of oil, which can be determined. Other important factors are: (1) The 
thickness, number, and positions of beds which contain or have contained 
the organic material from which the oil and gas were derived; (2) the 
stratigraphic relation of beds carrying salt water to those in which the 
oil and gas originated; (3) the thickness, variability, and stratigraphic 
positions of porous lenses, or irregular beds of sand, that may serve as 
reservoirs; and (4) the structural changes through which these beds 
have passed since they were deposited. The effectiveness of the combi- 
nation of these various factors in the production of oil pools in any given 
locality can be determined only by the drill, but drilling is to be under- 
taken only in localities at which the structure is favorable. 

The old anticlinal theory based on the idea that oil and gas accumu- 
lations are due to differences in the specific gravity of gas, oil, and salt 
water, seems inadequate to explain the facts as observed. It is believed 
by the author that the accumulation of oil and gas in pools is due to the 
action of large bodies of water moving under both hydrostatic and cap- 
illary pressure. C. H. WrGrmMann. 


GEOLOGY.—Erosion and sedimentation in Chesapeake Bay around the 
mouth of Choptank River. J. Frep. Hunter. U. 8. Geological Sur- 
vey Professional Paper 90-B. Pp. 7-15, with map and figure. 
May 23, 1914. 

This work is a result of a comparison of a small portion of two separate 
topographic and hydrographic surveys of the Chesapeake Bay made by 
the United States Coast and Geodetic Survey, one in 1847-48, and a 
second, over a half century later, in 1900-01. A third supplementary 
topographic survey of a part of the area studied was made in 1910 by the 
author and C. C. Yates. It is demonstrated that very significant 
changes, both in the topograpby and in the hydrography of the region, 
have taken place, and quantitative data on the amount and rate of ero- 
sion and sedimentation in a representative area of the bay are presented. 

The three islands at the mouth of Choptank River are being rapidly 
cut away and Sharps Island, whose north end hassuffered a loss of 110 feet 
per year during the last ten years, will probably be entirely effaced before 
1950. Practically all the erosion has been on the west and north sides 
of the islands; that is, on the shores which are most open to the attack 
of the southerly bay currents and the westerly winds and their waves. 
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In general, the cutting has been greatest along the shores having low 
scarps made up of the clays and marls of the Talbot formation, and 
least along those of the low-lying tidal marshes. 

A study of the submarine changes shows rather extensive scouring 
along the eastern shore of the bay and less extensive, though equally 
intensive, shoaling at places within the river mouth. A further and 
more extensive study involving the entire bay and its tributary basins 
is suggested. J. F. H. 


GEOLOGY.—Dike rocks of the Apishapa quadrangle, Colorado. Wutt- 
MAN Cross. U. 8S. Geological Survey Professional Paper 90—C. 
Shorter contributions to general geology, 1914. C. Pp. 17-31, 
4 plates. 1914. 

The Apishapa quadrangle is situated on the plains south of Arkansas 
River, in Colorado, about twenty-four miles east of the mountain front. 
The geological map of this area in the Apishapa folio, by G. W. Stose, 
shows forty-three dikes which trend nearly west. These are a part of a 
great system of radial dikes, with associated sills, which surround the 
Spanish Peaks, an eruptive center situated twenty-five miles southwest 
of the border of the quadrangle. 

The rocks of Apishapa quadrangle are all lamprophyric in character 
and are described under the names minette, augite minette, olivine- 
bearing augite vogesite, hornblende-augite vogesite, olivine-plagioclase 
basalt, and sodic diabase. The series to which they belong has a much 
greater range than this. Chemical analyses are given of four of the prin- 
cipal types, and photomicrographs illustrate the textures of three of 
the analyzed rocks. 

These dike rocks are of types which are not commom in Colorado nor, 
indeed, in any part of the world. The full significance of their interest- 
ing characters can not be determined until the great series of dikes about 
the Spanish Peaks has been more thoroughly studied. 

The analyzed rocks of the Apishapa quadrangle illustrate very forcibly 
the fact that magmas of the same chemical composition may produce 
rocks of notably different mineral composition under the influence of 
different conditions of consolidation. This is brought out by tables of 
analyses and norms. The vogesites (orthoclase rocks) are nearly identical 
chemically with rocks which have been called feldspar basalt, essexite, 
nephelite basanite, trachydolerite, etc. The incongruities of a purely 
mineralogical classification of such rocks are discussed. W. C. 
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GEOLOGY.—Geology of the Standing Rock and Cheyenne River Indian 
reservation, North and South Dakota. W. R. Catvert, A. L. 
Beek.ty, W. H. Barnett, AND Max A. Pisuet. U.S. Geological 
Survey Bulletin 575. Pp. 49, with maps, sections, and illustra- 
tions. 1914. 

Aside from the surficial deposits the geologic formations which 
outcrop in the Standing Rock and Cheyenne River Indian reservations 
are the Pierre shale and the Fox Hills, of Upper Cretaceous age, the 
Lance, probably of lower Tertiary age, and the Fort Union formation, 
definitely assigned to the last-named epoch. The Fox Hills rest con- 
formably on the Pierre and no definite line can be drawn between the 
two formations. There is in most places, however, an abrupt litho- 
logic change from the Fox Hills to the Lance formation, and locally 
the contact between the two is marked by a decided unconformity; but 
it is still an open question whether or not this unconformity represents 
a long-time break. The surficial deposits consist of scattered striated 
boulders and small patches of glacial gravel, of early Pleistocene age, 
and terrace gravel and alluvial valley filling, which were deposited later. 
The Cretaceous and Tertiary strata dip gently in a northwesterly 
direction at about 5 feet per mile. M. A. P. 

oO 

PALEONTOLOGY.—Cambrian Geology and Paleontology, III, No. 1.— 
The Cambrian faunas of Eastern Asia. CuHartes D. Watcorrt. 
Smithsonian Miscellaneous Collections 64': 1-75, pls. 1-3. April 
22, 1914. 

This paper is essentially a resumé of the publications of the Carnegie 
Institution dealing with the Cambrian formations of Eastern Asia. In 
condensed and easily accessible form are placed the essential facts in 
regard to the stratigraphy and paleontology of the Cambrian in this area. 

A historical review of the work on Cambrian geology in Eastern 
Asia is given. The account of the collections made by the Carnegie 
Expedition and by Professor Iddings is very full. Numerous sections, 
faunal lists, and correlation tables are furnished, and the various pre- 
Cambrian, Cambrian, and Ordovician formations are briefly described. 
Of special interest is the discussion as to the possible continental origin 
of the pre-Cambrian sediments, and of the relation of the Cambrian to 
the Ordovician. A general review of the Lower, Middle, and Upper 
Cambrian faunas is given, and broad correlations with extra-Asiatic 
faunas are made. 

A new trilobite genus, Tsinania, is described, having as its genotype 
Illaenurus canens Walcott. Epwin Kirk. 
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BOTANY.—Classification of the genus Annona with descriptions of new 
and imperfectly known species. W. E. Sarrorp. Contributions 
from the U. S. National Herbarium 18: 1-68, pls. 1-41, text figs. 
1-75. June 17, 1914. 

This paper presents a synoptical view of the genus Annona by natural 
groups and sections, together with descriptions of two closely allied 
genera, Fusaea and Geanthemum, and critical notes upon Rollinia, 
Duguetia, and Raimondia. 

Four groups of Annona are proposed: (1) the Guanabani, or sour- 
sops, including the sections Euannona, typified by Annona muricata 
L.; Psammogenia, typified by A. salzmanni A. DC.; Ulocarpus, typified 
by A. purpurea Moc. & Sessé; (2) the Pilaeflorae, or silky Annonas, 
including the sections Helogenia, typified by Annona paludosa Aubl.; 
Pilannona, typified by A. sericea Dunal; Gamopetalum, typified by 
A. cornifolia St. Hil.; (3) the Acutiflorae, or sharp-petaled Annonas, 
including Phelloxylon, typified by Annona glabra L.; Atractanthus, 
typified by A. acutiflora Mart.; (4) the Attae, the custard-apples, com- 
posed of the sections Chelonocarpus, typified by Annona scleroderma Saf- 
ford; Atta, typified by A. squamosa L.; Ilama, typified by A. diversifolia 
Safford; and Saxigena, typified by A. bullata A. Rich.; (5) the Annonel- 
lae, or dwarf Annonas, including the sections Annonula, typified by 
Annona cascarilloides Wright, of Cuba; and Annonella, typified by A. 
globiflora Schlecht., of Mexico. In these sections the relationship 
between the species is shown in some cases by peculiarities of leaf struc- 
ture, in others by the structure of the stamens or form of the flower, and 
in still others by peculiarities of the fruit and seed. Some of the sections 
are more sharply defined than others. 

The following new species are described: Annona jahni, A. lutescens, 
A. palmeri, A. crassivenia, A. sclerophylla, A. rosei. Detailed figures are 
given of A. moniana Macf., A. sphaerocarpa Splitg., A. marcgravit Mart., 
A. salemanni A. DC., A. purpurea Moc. & Sessé, (including A. manirote 
H.B.K.) A. involucrata Baill., A. paludosa Aubl., A. cornifolia St. Hil., 
A. nutans R. E. Fries, A. acutiflora Mart., A. longiflora S. Wats., A. 
macroprophyllata Donn. Sm., A. bullata A. Rich., A. cascarilloides 
Wright, A. globiflora Schlect., and A. bicolor Urban, many of these having 
never before been figured. 

Under the heading ‘Plants originally described under Annena but 
generically distinct” the author describes the genera Rollinia, Duguetia 
and Raimondia, already established, and proposes Fusaea and Geanthe- 
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mum as new genera. Under Duguetia he points out the differences 
which separate this genus from Aberemoa of Aublet, which has been 
treated by R. E. Fries as a synonym, but which has pedicelled carpels 
more nearly like those of the genus Guatieria than like the crowded, angu- 
lar, sessile carpels of Duguetia. 

In the preparation of this paper the author has been fortunate in 
securing the loan of abundant material from the Berlin Herbarium and 
the De Candolle Herbarium, including several types of Humboldt, 
Bonpland and Kunth, and of Ruiz and Pavon. A critical study of these 
has shown that Annona conica Ruiz & Pavon is identical with A. quindu- 
ensis H.B.K., and that these plants must be placed in the recently 
established South American genus Raimondia, under the name R. 
quinduensis; and that A. rhombipetala Ruiz & Pavon is very closely allied 
if not identical with A. longifolia Aubl., which becomes the type of the 
new genus Fusaea. This plant was already set apart as a distinct sec- 
tion by Baillon, who placed it in the genus Duguetia, with which it has 
little real affinity. The present author therefore does not hesitate to 
raise Baillon’s section Fusaea to generic rank. For similar reasons he 
establishes also the new genus Geanthemum (based upon R..E. Fries’s 
section of that name) with two South American species and points out 
the close affinity of these to Uvaria sessilis Velloso, which Martius errone- 


ously regarded as identical with Duguetia bracteosa Mart. W. E. S. 
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